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Effect of Lightweight Aggregate on Workability and Mechanical Properties of
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Abstract: Based on the particle dense packing theory, the composition of cementitious materials and parti-
cle gradation of lightweight aggregate in ultra-high performance concrete were determined. On this basis,
the basic mix proportion of ultra-high performance concrete with lightweight aggregate(LUHPC) was op-
timized. The effects of particle shape, pre-absorption ratio and content of lightweight aggregate on the
workability and mechanical properties of LUHPC were studied. Besides, the mechanism of the effect of
lightweight aggregate on the properties of LUHPC was investigated by ultra-depth field 3D digital micro-
scope and scanning electron microscope. The results show that particle shape and pre-absorption ratio are
the key factors that determine the workability and mechanical properties of LUHPC. The workability and
mechanical properties of LUHPC with spherical lightweight aggregate are superior to UHPC with crushed
lightweight aggregate. With the increase of pre-absorption of lightweight aggregate, the workability of
LUHPC is improved, but the compressive strength and splitting tensile strength of LUHPC increase first
and then decrease. With the increase of lightweight aggregate content, the workability and mechanical

properties of LUHPC are improved first and then reduced. In addition, lightweight aggregate mainly im-
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proves the workability and mechanical properties of LUHPC by improving the sphericity of aggregate, the

adhesion between lightweight aggregate and cement matrix and by providing internal curing effect.

Key words: lightweight aggregate; ultra-high performance concrete; particle shape; pre-absorption ratio;

workability; mechanical property
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Table 1 Chemical composition of cementitious materials w/ %

Material ~ SiO, AL O; Fe,O; CaO MgO Na,O SO, 1L

Cement 21.10 6.16 4.41 64.80 1.94 0.48 2.52 2.59
Silica
fume

Fly ash

96.00 1.00 0.70 0.50 0.70 0.08 0.15 3.70

52.0022.00 4.00 12.00 0.56 0.43 0.35 1.00
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Table 2 Particle gradation of lightweight aggregates

P ()= (D

Particle size/mm 2.00 0.85 0.425 0.25 0.18 0.15

b (D) 1.00 0.60 0.33 0.15 0.05 0
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Table 3 Basic mix proportion of LUHPC

Mix proportion/ (kg « m™) Super- Steel
plasticizer fiber(by
Cement Silica Fly Lightweight Water (bY mass)/  volume)/
fume ash aggregate % %
725 188 87 520 180 2.0 3.0
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Table 4 Workability of LUHPC mixture with clastic ceramsite
and spherical ceramsite

Slump/mm Slump flow/mm

Particle shape

0h 2h 0h 2h
Clastic ceramsite 200 185 560 520
Spherical ceramsite 220 205 610 575
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Fig. 1 Effect of pre-absorption ratio of lightweight aggregate on LUHPC mixture workability
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Fig. 2 Effect of volume fraction of lightweight aggregate on LUHPC mixture workability
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Table 5 Mechanical properties of LUHPC with clastic ceramsite
and spherical ceramsite at 28 d

. . Splitting Elasticity
. Compressive . ,
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(a) Interfacial transition zone of ceramsite-cement stone

(b) Interfacial transition zone of quartz sand-cement
stone
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Fig. 6 Micro images of interfacial transition zone of ceramsite-cement stone and quartz sand-cement stone in LUHPC
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Fig. 7 Three-dimensional morphology of “arch shell” in LUHPC
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